Central low-grade osteosarcoma is an uncommon but well-recognized variant of osteosarcoma, which is characterized by a significantly better prognosis than conventional high-grade osteosarcoma, with slow growth, low metastatic rate and prolonged survival after treatment. [1] [2] [3] Central low-grade osteosarcoma may be easily confused with benign intraosseous lesions, particularly with fibrous dysplasia. The differential diagnosis is based on the aggressive radiographic features of the lesion, as well as on the recognition of an infiltrating growth pattern with permeation of the bone marrow spaces and entrapment of the host trabeculae. These tumors are adequately treated with wide excision, while incomplete resection is often followed by local recurrence, with possible dedifferentiation to highgrade sarcoma, followed by distant dissemination.
In this report, we describe the clinicopathologic findings in two cases of central low-grade osteosarcoma, characterized by a peculiar histologic aspect with extensive bone matrix production and formation of markedly irregular bony trabeculae, simulating the histologic appearance of Paget's disease of bone.
Case reports
Case No. 1
History
A 53-year-old woman presented with a 12-month history of left leg weakness and pain, which had been initially related to degenerative intervertebral disc disease. Radiographic examination revealed a purely sclerotic lesion of the proximal tibia ( Figure  1a) , which involved the metadiaphyseal region.
After incisional biopsy, a diagnosis of Paget's disease was made at another institution, and treatment with calcitonin was started. After 6 years, X-ray studies showed that the sclerotic lesion of the proximal tibia had enlarged towards the epiphysis and the diaphysis (Figure 1b) . After 1 year, the patient complained of worsening of pain and appearance of swelling in the region of the left proximal tibia. At this time, X-ray studies showed the appearance of irregular lucent areas within the sclerotic lesion (Figure 1c) . A new biopsy was performed, which showed a high-grade fibroblastic osteosarcoma. At this time, the original slides of the first biopsy were reviewed, and were reinterpreted as showing low-grade osteosarcoma. She underwent marginal excision of proximal tibia, followed by chemotherapy treatment. After 4 months, multiple local recurrences were detected, which were treated with above-knee amputation. The patient died 2 months later (8 years after clinical presentation), with multiple lung metastases.
Case No. 2

History
This 46-year-old woman presented with pain in the right knee region of 12 months duration. Radiographic studies demonstrated an ill-defined densely sclerotic lesion of the proximal tibia, measuring 10 Â 5 Â 4 cm ( Figure 2 ). After incisional biopsy, the lesion was resected with wide excision. The patient is alive with no evidence of disease 8 months after diagnosis.
Histopathologic findings
The microscopic features observed in the first biopsy specimen of patient 1, as well as in the biopsy and resection specimen of patient 2 are very similar, and therefore a combined description is presented. Both lesion were characterized by the presence of extremely thickened, often coalescent plates of bone with an irregular mosaic pattern of cement lines, which closely resembled that of Paget's disease of bone (Figures 3-5 ). Often, osteoblast-like cells could be identified at the surface of bony trabeculae, together with osteoclast-like cells The second biopsy specimen of patient 1, showed a cellular proliferation of atypical spindle cells, arranged in intersecting bundles, with focal areas of lace-like osteoid formation, consistent with highgrade fibroblastic osteosarcoma. The specimen of proximal tibia resection showed a combination of the two aspects, with focal residual areas of lowgrade osteosarcoma, intermixed with the high-grade fibroblastic osteosarcoma component (Figures 6a  and b) .
The specimen of proximal tibia resection of patient 2 presented a heavily calcified tumor mass, which diffusely involved the medullary cavity and infiltrated the cortical bone in several points. The specimen was extensively sampled, and the histologic features of the tumor were similar to those of the incisional biopsy. In particular, no areas of highgrade osteosarcoma were identified.
Discussion
Central low-grade osteosarcoma is a rare variant of osteosarcoma which is characterized histologically by a proliferation of elongated bland spindle cells arranged in interlacing fascicles in heavy collagenous background, with bone or osteoid production. The amount of bone or osteoid produced is variable. In a minority of cases, there is scant osteoid production, and therefore the histologic picture is dominated by the spindle cell proliferation, resulting in aspects mimicking the appearance of desmoplastic fibroma or lowgrade fibrosarcoma.
1,2 More commonly, the tumor is characterized either by production of heavy bony trabeculae similar to those seen in parosteal 
Pagetoid low-grade osteosarcoma
A Franchi et al osteosarcoma, or by thin osteoid seams having the 'Chinese character' appearance seen in fibrous dysplasia. 1, 2 In rare instances, the tumor may mimic the appearance of osteoblastoma, or may have a fibrochondromyxoid aspect, or may show areas of cartilage matrix production. 1 Instead of the well-recognized conventional patterns, the cases presented here are mainly characterized by very low cellularity and production of extremely dense, sclerotic trabecular bone with an irregular mosaic pattern of cement lines. This appearance closely mimics that of Paget's disease of bone, resembling the histologic pattern of the final phase, the so-called osteoblastic or sclerotic phase. The picture is dominated by bone formation, and the irregularly shaped trabeculae show the characteristic mosaic pattern of cement lines. In this phase, there is relatively little cellular activity, and the marrow spaces are almost entirely filled with dense fibrous tissue containing scattered blood vessels. The differential diagnosis is based on the recognition of aggressive histologic features in central low-grade osteosarcoma, such as permeation of the bone marrow, with entrapment of the host trabeculae, which are usually present at the growing edge of the tumor. However, especially in biopsy material, these features may be absent, and therefore it is essential to evaluate carefully the radiologic aspect, which in both the present cases was indicative of malignancy, for the presence of poorly defined tumor margins, cortical invasion, and extraosseous extension. On the other hand, radiographs did not show the typical features of Paget's disease of bone, which in the initial phase is characterized by lytic lesions, evolving in a mixed lytic and sclerotic phase, and finally in a sclerotic phase with bone deformity, consisting of anterior and lateral bowing of the tibia.
The peculiar pattern of pagetoid bone formation observed in the present cases is probably the result of a very slow growth, with heavy bone matrix production and remodeling, in accordance with the very long clinical history. A similar pattern of bone formation has been previously described in other bone-forming lesions. Okada et al 4 identified pagetoid bone formation in 5% of parosteal osteosarcomas in their series. More recently Riminucci et al The possibility should be considered that these tumors represent central low-grade osteosarcoma associated with Paget's disease of bone. However, this hypothesis is unlikely because sarcomas arising in Paget's disease, including osteosarcomas, malignant fibrous histiocytomas, fibrosarcomas, chondrosarcomas and mixed forms, are high-grade sarcomas with a very unfavorable prognosis. 6 In addition, both cases did not show the typical radiologic features of Paget's disease of bone at clinical presentation.
In summary, we describe two cases of central lowgrade osteosarcoma with unusual histologic features resembling Paget's disease of bone. These cases further expand the histologic spectrum of central low-grade osteosarcoma, and underscore the diagnostic difficulties in separating these neoplasms from benign bone diseases. In accordance with previous studies of larger series, inadequate treatment of these tumors may result in recurrence and eventually in dedifferentiation to high-grade osteosarcoma, with development of distant metastases. Recognition of this variant of central low-grade osteosarcoma is based on the aggressive radiologic appearance and on adequate tumor sampling for histologic examination.
